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Dr. Karl T. Compton 

Room 3-208 

Massachusetts Institute of Technology 
Cambridge, Massachusetts 


Dear Dr, Compton: 


The attached report is submitted in answer to your 
request of September & for information on the position of 
digital computers in the national research and development 
program, The staff of Project Whirlwind has been concerned 
for many months about the issues raised in your letter, 

As they became more. immersed in the digital computer, which 

is a part of their program, the more aware they became of 

the broad utility of digital computers as a tool and of 

the considerable magnitude of a larger program of applying 
them to the general military situation. 


For this reason they have been accumulating for 
some months a background of information through visits and 
exchange of information with commercial and military labora- 
tories working on digital equipment and its possible appli- 
cations, They had made some progress in an analysis of all 
the information in their possession, After much consideration 
it seemed to me that a quick answer from this group might 
be more useful to you than one three to six months from now 
in which more individuals had participated. For this 
reason, Mr. Forrester and his staff assembled the attached 
report from material at hand. I requested, if possible, a 
- presentation on one chart covering the elements of staff, 
Gollars, and time as well as the specific areas in which 
they believe the digital equipment useful and worth consi- 
dering taking into account its performance and economies 
in use of manpower, 


Very truly yours, 


31. M Pd, Soqe 
N. McL. Sage 


Gul ret ea 





OFFICE OF THE PRESIDENT 


September 8, 1948 


Mr, N. McL. Sage, Director 
DLC. 


Dear Mr. Sage: 


- From time to time I hear about military and other 
governmental agencies which are laying more or less 
definite plans to utilize high speed digital computers. 
These interests include control of guided missiles, 
integrated radar networks, fire control, cryptography , 
air traffic control, and others. 


Both because of M.I.T.'s responsibility for the 

. Whirlwind Project and also because of my association 
with several advisory groups to the Armed Services, I 
am concerned that we have as clear’ a picture ag can now 
be presented regarding the potentialities for useful 
applications inherent in such a device, and also the 
time, money and staff which will be required to carry 
digital. computing equipment to the point of use by the 
Armed Services. 


It is realized that any estimates “which can be made 
at this time may be subject to substantial modification 
with later experience, but nevertheless I think it is 
very important for us, for the Office of Naval Research, 
_and for the various agencies ‘which are contemplating use 
of the digital computer to have clearly in mind the best 
estimates which can now be made with reference to the 
cost, the time schedule and the technical possibilities 
involved. 


“Will you please, therefore, with the best technical 
advice available, prepare a brief report in answer to 
these questions? I believe that this report should also 
be made available to and discussed with the Chief of Naval 
Research and any others importantly concerned with this 
project whom you and he may feel it desirable to include 
for purposes of information or advice. 


Very sincerely yours 


: | Kort T. 
— ktTC/L | ' President 
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_ Many plans ere now being considered for the military use of 
information systems built around Siestsonts Gigital computers, Such 
systems appear unique in their ability to process and evaluate informa- 
tdon sufficiently rapidly for modern high-speed military operations, The 
advantages gained when digital information sratene make possible thse bet- 
ter integration and more effective use of other ndiitery. equipnont should 
more than justify the diversion of men and resources to 0 digital information 
system developnent. 
An approximate estimate has been made of the time and cost to 
bring such information systems to useful military realization. This 
| forecast shows a period of fifteen years and & research and development 
eost,. including field testing and trial operation, of two billion dollars 
($2,000,000,000) to bring these systems to an operational status. An 
equal or greater production program would follow for equipping the Milie 
tary Services with Production equipment. Coupenseting adjustments in — 
ws calla time and total cost can be nade to meet military necessity. 
| Such a program would require an active training plan to pro- 
vide necessary personnel. | | 
| An initial investigation requiring four years end sixty-five | 
million dollare ($65,000,000) would provide the necessary information on 
which the importance and feasibility of the complete program could bes. 
‘aiged: | | 
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Description end military Ap pplications: 


As used in this report, the term “Electronic pies Computers" 
describes a conbination of information storage end switching systems 
“capable of performing s@leotion and choice operations in addition to~- 
“the basic operations of arithmetic. In general, the equipment is that 
capable of operating in the range of 1,000 to ae Buc ee sthneuse 
and ewitch ing operations per sasonds 

Despite dts popular reputation, the digital ceepcer does 
not have yivemiads thinking intelligence, but it does have superhumen 
‘computing speed, and, when properly directed (viz, fed input information 
sepresciy and programmed correctly to describe the desired cperations), 
the output gives orders or information which can be either entomatically 
transformed into action or interpreted by humans for further processing. 
There need be no human link in this computing chain. Comparatively 
specie: the time element for equtpeent to respond is seconds or minutes 
- compared with Eevee weeks, or sometimes months using presently available 
methods. | 

| This speed makes it t highly suited to the ecobites of combat 
operations. In the future these, to be successful, seem geared to a 
vast increase in information that must be analyzed and reduced to a 
wears form before the time for use has i | 
| Present art makes it reasonable that men can be toaiaea in 
the ‘ise of digital computer systems; that the systems can be produced, 


field tested and integrated into the military services with a saving 
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of manpower 3 end that the increased accuracy of sictouk: tnbonmat son 
can enormously extend the types of problems capable of solution, in 
time to use the results. | | | 

By more effective use of evailable information and intelli~ 
genee, the digital equipment will make its contribution not only at 
the battlefront, but also in the gi activities of logistics, 
design, information centers, etce 

Digital equipment can contribute in many diverse activities — 
| requir ing differing types and mobilities of design. To provide equip- 
ment for. the full breadth of possi ble applications is Bp Ceres 
which appears greater than the magnitude of radar. 

The use of digital information systems may scones result 
in uerovsa types and simplifications of other military egulpment, and 
these economies may much more than pey the cost of a long-range digital 
equipment development program. The men anf resources for such work 

youre, therefore, be compensated by those eventually released from 

| oetier pursuits as they were proved less ipronsaee: | 

: In making the estimate here reported, it has been essumed 
that. digital equipments for the applications now being considered | 
(ess Column 2, Figure 6) are to be made available as soon as possible, 
compatible with effective use of technical personnel » 

The repeet covers not only digital computers, which are a 
small part of the total, but, in addition, the complete systems of 
which the digital computer is only a nucleus. The program includes 
auxiliary equipment, goplieabionaatudies: field tests, and training 


of staff required to do research and to produce and operate the 
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The potential contribution of digital computers to the milie 
tary effort can hardly be overestinated, As control devices, digital 
information processing equipment can provide services promised by no 
other equipment. Even in present initial designs now being constructed, 
efficiencies (in oe of computation per dollar's worth of equipment) | 
will be ten to several hundred times present analog equipment. Space 
and weight cauetaens te proportion to these efficier.cy increasss can 
be realized, For many operational problems in the offensive use of | 
and defense against guided missiles, aircraft, and subzarines, the 
- digital Squtpment at this time seems to bo alone in as the re= 
quired capacity, spoed and econcmy. vt 

An example of a requirsment in the solution of tacticzl 
seule is found in the interception of supersonic missiles, dere 
there is need for combined computer a control system which cans 


1) Automatically recelve radar and other information 
from nultiple locations, ; 


2) Correlate this with past informatioa, 


3) Distinguish between types of missiles and dise 
tinguish missiles from aircreft basad on identi- 
fying information and trajectories s _ 


4) Predict trajectcries to the inpsct point (if 
flight is uncontrolls4), 


5) -Assegs possible damage and impertance of defense 
action to penmit consentration of dsfenss against 
the most dangerous missiles, 


6) Take rapid: automatic defensive action in selecting 
launching location. and firing devensive missiles, 
where tims is too short for human intervention, 


7) Carry on theses opsrations | with a mintovum of ee 
nent > 


CONFIDENTIAL 


CON : LIEN T AIL 
6345 


Roport le3 — 3 8 | “Fi se ge 


8) Possess the penuiead floxibility to avoid the ned “for 
redesigning to meet changing tactical situations and — 
the appearance of new weapons of either offense or 
defense, | 

No equipment at present in use can accomplish these requiro= 
ments in the interceptiica time likely to be available, Digital com 
puting ayatene appear capable of accomplishing the task. 3 

Applications are foreseen in most branches of the national 

and military economyeralr traffic control, integrated fire control and . 
_ Combat. information centers, interception networks, scientific and ene 


gineering research, guided missile offense and cere and data prom 


ceasing dn logistics. 





a forecast of the problen ahead shows bak egipaent for en= 
gineering and scientific use, fixed location interception and air traffic 
networks, simulation and synthetic training, seniemobile, mobile, end aire 
borne equipments, and applications to logistical Galoulations, are all 
part.of the problem. The cost of msliing this oquipnont available to the 
Military Tstablichment sometimes appears to be much underestimated be= | 
cause of lineer extrapolation of past laboratory programs. Historically, 
similar developnents have grown exponentielly; and the nearest parallel 
is found in the easier problem of bringing radar to an ‘operational status. | 
| Unfortunately, groups relying on use of high speed digital con~ 
puters in 1949, 1950 and 1951 have tolioved that such equipment would be 
ready for their scheduled seruimemsnts, erd that the apparatus would be 
“on the shelf andy for incorporation in their prograns With the present . 
scope of effort on the problem no. etuh heppy situation exista, because the 


syetene appear to be more complex then radar, are likely to be used more 
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widely, and their integration with other facilities are more tims con« 
suming. Digital computers in 1948, with respsct to their ultimate 
capabilities, are in about the position of rader in 1937. Figure 1 
- coRpares the evolution of radar with the probable evolution of digital 
computers. In relating radar to the present status of digital computers | 
the revolutionary appearance of the high power cavity magnetron in radar 
_ ds similar to the entry of high capacity storage devices into the come 
puter field. Most promising of these at present is the electrostatic 
storage tube, the status of which now compares with the magnetic just — 
‘prior to World War II. : bane 
“Infernation collecting ro will be set up and used with a | 

combination of peecene day mechanical ,»electrical, and human computers, 
“until. ry better substitute is developed. There is danger of misinterpre- 
tation in discussing the costs of information eyevens using digital com= 
puting mechanisus. Of these system costs, only a small part are for 
digital computers themselves, the remainder going into training, appliga= 
tions studies, field testing and auxiliary equipment. If there is to- 
be echerice in information collecting systems, the costs of training, 
applications studies, etc., must be net regardless of the methed used 
4n the reductdon and processing of the information. Digital computers 
as a working tool should be evaluated on what they promise in compari- 
son to alternate ways of getting a comparable result. : | 

: Figure 6 lists as activities (Colum 2) the areas of utility 
of computer systems covered in this report. Beginning with these ap- 


plications as a base, annual manpower estimates for each activity were 
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allocated to the 75 subdivisions of effort into which, for convenience, 
‘the whole program was divided. For. example, the subdivisions for line 5» 
Fixed Location Control Systems were: | 


Applicatdons Studies 
Experinental Design 
Experimental Construction 
Auxiliary Equipment Design 
‘ Operation of Prototype and Study Systems 
Installation ; 
Field Testing 
Prototype Design 
Prototype Construction: 
Production Design 
Froduction Supervision 


In Basie Research (line 1, Figure 6) the subdivisions were: 
| Mathematics 
Storage Tubes 


Magnetic Storage 
Delay Storage 


Basic Storage Research (new methods) | 

Component Research 

Component Development 

Circuit Theory 

Circuit Development 

It is helpful to have a cost estimatia even though the uncer- 
tainties of time required to develop essential elements, lack of adequate 
studies on methods of application, and relativuly little knowledge of the 
plans of those responsible for national defense, make such an estimate a 
forecast rather than a’factual presentation. Cur figures of total cost 

should be accepted as a warning rather than as a budget. 

This cost and use of personnel need not be in addition to other 
prograns if the possible higher erficiencies obisinable by combining 
digitel equipment with radar, guided missiles, ixterception networks, 
and fire control equipment can be demonstrated al an early date. The 


personnel and monsy otherwise needed an the lattor programs can be re- 
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directed., For example, the radar purden will be reduced when digital 
equipment simplifies the radar-search-target-acquisition-fire~control 
triangle, The substitution of digital equipment in the precision fire 
control field should release space and weight in military equipment, and 
' money end men in the national economy. Therefore, only part of the men 
and as cost in this estimate are a burden above i ca 
national activity. 
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A summation of the available data leads to the followings 
A. To provide at an early dete informtion necessary to properly 
judge the inportence end feasibility of digital computer systems to national 
ha it is necessary to agresaively BUppore: a research and development | 
program covering the first four years of Figure 6. The eccat of this work 
would be about sixty-five million dollars (965,000,000) ghich is moderate 
| compared to the magnitude of several billion dollars for the entire pro= ; 
=. | mesg | te | 7 | 
«Be To provide digital computers and contrel systems for the 
Military Establishment as outlined may require fifteen years and as billion 
dollars ($2,000,000,000) to bring the first production equipment into useful 
military operational control systens. Figure 2 shows yearly” expenditures 
| ana the breakdown into (1) research, development, and training, (2) appli- 
cations studies and field tests, and (3) the cost of production equipment. 

C, A treining program is needed immediately to provide manpower 
even for the initial four-year period. If the ultimate program develops 
‘ along the lines of Figure 6, this training activity would grow to a level 
of 4500 panaons per annum in fifteen years. Such a training level would 
build up a research and development staff of 7500, provide replacements to 
that staff, and supply the trained technical operators and supervisors of 
ah equipment, | _ 

D. If the present military situation dictates the need for 
digital information processing equipment at an earlier date than shown in 
this Sekenetee a reasonable acceleration can be obtained by accepting less 
efficient use ‘of personnel with resulting higher costs, An estimate of 
this total-cost versus time relationship is given in Appendix E, Further 
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acceleration, or reduction of total cost, would require narrowing the 
field of digital equipment application. | 

'E, The production cost of equipping the Military Establish= 
ment boyond the fifteen-year period for wartime operation may bs the order 
of magnitude of an additional two billion dollars ($2,000,000,000). This 
approximate estimate is based in part on radar in World War II ana & 
table and Ai eonesdon are given in Appendix C. It doos not allow for 


applications beyond those in Figure 6,. 


CONFIDENTIAL, 


] 
CONFIDENTIAL 
14. 
6345 | 
Report Led 
APPENDIX A: TH COST ESTIMATES: 
The estimates assume a "normal" active peacetime military pace. 
Figure 5 (See Appendix D) shows this peacetime operating point on an 
estimated percent-total-cost versus percent~timo. curve. In contrast, 
radar development is assumed to have occurred at the point of one-third 
normal time ard about three times norms 4 total cost, meaning radar was 
"developed ata yearly expenditure rate of nine times normal. In arriving 
at the Sat Gabtons the following costs are ane laasdt 


1. Salaries of graduate student trainees assigned to a 
instruction for one year. 


2. The routine operating cost of several scientific and 
' engineering high-speed computer traffic networks. 
This operating cost is about fifty per cent of the 
‘lb-year total of line 4 in Figure 6. 
3. The cost of i ia prototype models. 
| 4e ‘Field testing expenses of research and development groups. 
5. Production designs ., 
6 A small percentage of the total production cost. The 
| greater part of this cost will occur after the fifteon- 
year period covered. poise 
~ The following costs are not included: 


1. The required redesign of associated equipments ; fire control, 
rader sets, guided missile telemetoring systoms, 


Ze The cost of auxiliery equipment not associated directly 
with computers and their immediate terminal facilities, 
nor in logistics the cost of input equipment for informa- 
tion collection, 


Be ‘Adiroraft, ships, missiles, and military establishments used 
in field tests, | 


; 4. Communication Sransta: or their rental for information 
transmission, 
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The setup and typing of engineering and scientific pro 
blems, except for training necessary personnel, 


Governmental coats of coordination md administration, 


The operation of production equipment after delivery to 
the military, except for the training of operators, . 


The major part of the reqired production. See Appendix C. | 
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APPENDIX B: METHOD OF BST ABLISHING ESTIMATE: 


The cost and time estimate of Figure 6 is based ons 


l. 
Ze 


Se 


. be 


5. 


6, 


a ee 


8. 


96 


The types of computer applications now under discussion. 
The rate of progress of present computer development 
including Project Whirlwind stM.1I.T. which is the most 
extensive digital computer project at the present time. 


A detailed allocation of technical staff in seach one 


to each of .75: aa ae a of work. 


The research and Gevelopuant cost obtained by milti- 
plying the number of staff by $20,000 per year to cover 
non-staff costs, material, service, and overhoed. 

Staff must include all direct administrative persons or 


-& higher rate mist = usede 


Educational costs eptaned by multiplying teaching 

staff by $20,000 and each assigned student by $5,000 to 
cover staff and student salaries, equipment and facilities. 
This rate for staff to cover equipment, non-starf 
personnel, and overhead may be about twice the usual 
technical college operating cost. However, radar trainin 
was near this rate. The higher rate is used to cover new 
and special equipment required, the problem of setting up 
new courses of instruction, and the inefficiency inherent 
in a new and rapidly growing educational program. In the 
number of trainoes, 20% of current technical staff were 


‘added for replacement purposes. 


In addition to items 4 and 5, the estimated value of the 
required experimental, prototype, and some production 
equipment built in the aaa ha period eas shown in 
Figure 6e : 


The assumption that sonputers will porform their first 
useful services for engineering canputation and thet this 
work will be charged with some eee for the benefit 
of other applications. 


A coordinated program merated with full information 
interchange. 


The history of rader, which has here been used as a 


check to establish the reasonablensss of the results 
of the estimate. 
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10. Field testing being a much more expensive and 
time-consuming problem than for radar because of the 
required elaborate interconnection with vedar, micro- 
wave relay links, servomechenisms, and other informe 
tion collecting and using devices, 


11. The assumption that for production military systems, 
. ten men with full technical training must Recep a wy 
each million dollars worth of equipment, . 


12. The assumption that the logistics and simlation 
programs are largely ones of study and applications 
research, Computer development is covered in other 
programs, except for special terminal equipment and 
purchased computing devices. Production for actual 
logistics work will follow the fifteen years of this 
estimate, 


These estimates include only specifically itemized acusyavacs 
and may be low to the extent of omissions. 
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The approximate apace of magnitude of cost for production 
of digital information systems to equip the Military Eatablishnont for 
wartime operat jon is based on the following table. Much of the table is 
derived from direct pomp erect w Te radar productions For shipboard 
installations, computer syetens wilt be used in much smaller numbers than 
pee but will probably cost Sbbeoapanalaety mores Airborne figures are | 


half that of radar in World War II. The list does not include probable 


military uses beyond those of Figure 6 nor commercial end industrial 


applications. RiP cae 
: Total Cost 
Guided Missile Data Reduction : $25 million 
High Speed Computer Treffio Netyorks 
(Engineering and Scientific) - 30 
Cryptographic | 65 
Interception Networks | 
(Without radar or communications ) — 150 
Air Traffic Control | 150 
Industrial Process Control 50 
(For strategic military epplications) 
Simulation and Training 125 
- Semi-Mobile-Shipboard 
(Same.as large ship radar in World 
War II) 300 
Mobile | | 
(Same as World War II radar) 175 
Airborne 


(At 1/2 the World War II radar for 
navigation, guided missiles, fire control 
and search) 400 


Logistics 
(Including automatic inventory controls 
estimate is only an order of magnitude 


until applications studies have been ‘ 
| complied) 500 
$1,970 million 
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APPENDIX De DISCUSSION OF DIAGRAMS : 

, Figure 1 is included to permit a comparison of the proposed 
digital equipment program and the corresponding history of radar. 
pbiecenenalue milestones in radar and digital suaton development are 
obtained by matching in 1948 “the status of seaputer storage devices 
with the status of redar magnetrons in the late 1930's. 

Figure oaia enacted ures obtained from the data in 
“Figure 6. Total costa ere divided into that fort (1) research, 
development end training, pees experimental and prototype equip- 
mente, (2) Applicatd ons studies and field tests, and (3) production. 
Early production is in equipment for ensinceeind Senpueees fon and 3 ima 
lation. Production for military field equipment is sppreciable ouly in 
the last three vere Applications and fiel d tests vouveusut a large 
part of the total aomiua extensive integration of computer systems au 
take place with information gathering equipment such es radar and ine 
| formation us ing equipment such as aircraft, gum and missile controllers. 
| Figuro 3 is a smoothed curve derived from Figure 6 showing 

the total ective staff at any one time, not including operators of 
military equipment. Technical staff has almost reached its maximum 
at the end of the fifteen-year period and if traced further could be 
expected to level out rapidly. | 

Figure 41s a smoothed curve showing the staff it would be 
nianebsary to train each year to supply- the program of Figure 6, 
. Initially this technical personael Son Subinely ante wealae up the 


‘Boientific steff in research. This number wil] reduce as the uovet steff 


reaches its maximum. CON NEIB BENT At” einea are for 
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replacements sh neceueen and development staff. In the last five years, 
training of technical persons in the use and operation of mitaeney 
equipment must keep pace with the production of such equipment. 

The presents existing, 1948 level of training is mich below 
the initial point of the curve and is a warning that an active research 
program might not be able to start until after a delay of one to three 
years to build ‘up 4 teaching group. 

Figure 5 is sn estimate of the ddileticnsnts between total 
‘cost of a research-development~production project and the time necessary 
for completion. One hundred deeveat (100%) cost end one hundred per 
cont (100%) time is defined by the "normal active peacetime” level of 
working efficiency. The Saaeral shape of such a curve is fairly | 
obvious. For a given ee eee is a dl wine ties which the time 
cannot be reduced regardless of the total expenditure. Likewise, there 
is a minimum below which the total cost cannot be reduced regardless 
‘of the amount of time taken and the amount of care exercised. The exact 
‘values on the ourves can only be estimates since they ere subject to | 
neithor measurement nor experimental study. It should be noted thst. 
rate of expenditure varies as the quotient of total cost divided by eis, 
Thus, for the point of 200% cost and 50% time the expenditure rate per 
year is four times normal. The estimates of Figure 6 are intended to 
represent a working efficiency described by the 100 per cent point in 
Figure 5. With sufficient prior planning, and so long as available 
personnel and resources are not exesbdeds Fisuke 5 can ‘be used to adjust 


the estimated program to a lengthened or shortened time schedule. 
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_ Figure 6 has been discussed. It was derived by allocating 
staff to 75 subdivisions of activity. The largest subdivisions accounted 
for approximately 400 staff. Costs were calculated from this assigned _ 


steff by the methods discussed in Appendix B. 
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APPENDIX B: ACCELERATION OF PROGRAM 

Figure 2 shows a fifteen-year interval before substantial 
military production real prows experimental and prototypo models « 

- This could be shortened somewhat using emergency action by omission of 
some steps, but at reduced efficiency as estimated in Figure 5 which is 
discussed in Appendix D, 

Most significant is the observation, based on these assumptions, 
that the first seversl years can be accelerated, because of lower 
eapeneture rates, with mach less total cost than & corresponding. 
acceleration of the last several yiars. Two alternate methais of noduaans. 
the fifteen-year program to eleven years follow: 

From Figure 6, acceleration to 60 per cent of normal time raises 

total cost to 170% of normal or results in a cost increment 

chargeable to the acceleration of 70 per cent. 

Fran Figure 6 the total cost of the first 10 years of the | 

15 years is $583 million and the cost of the last 10 years 

is $1931 million. Multiplying by 70 per cent there results: 


Extra cost of reducing the first | . 
10 years to 6 years. . $ 410,000,000. 


Extra cost of reducing the last oss | 
10 years to 6 years $1,360,000, 000. 


These figures show nearly ¢ a one billion dollar (1,000,000, 000) 
dividend from a vivevons initial research and development attack even 
. at the expense of much inefficiency and duplication. For a given overall 
reduction in total time, inefficiency at early stages, when total expenses 
ere low, costs much less than later in ‘ acorn which has an exponential 


growth curves 
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